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iwT*or<ija*xo* 

Tta« history of adhesives prior to the 
twentieth century dealt largely with animal rmd 
fish glues which were used extensively #tt early 
a a the gyp t tan And honan h*nai«R*nce., The de- 
velopment of ossein and blood glues was at rework- 
able improvement over mlm-il glues in the way of 
w«ter resistance (*8). 

It is significant that adhesive* were 
first Introduced to this country by the furniture 
industry about the year 180ft. Because these adhes- 
ives had very poor resistance to both moisture and 
fungus attack* they were regarded as inferior sub- 
stitute* for other wethode of assembly. Despite 
the inferiority of the e adhesive*, there was no 
great improvement in properties until the advent 
of synthetic resin* Just prior to ^orld far II. 
the developments in adhesive© during md since the 
war have been sensational. 
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\dj»eei v« bondin' , in it® myriad form®, is 
tad*y tbs most generally used method of Joining ma- 
terials. It lies beoorae as important an smetmbly 
method as welding, bolting, riveting, or soldering. 

\ wide latitude in design feat res has been assured 
by highly developed bonding techniques that »*ke it 
possible to Join almost any two solids. 

The adhesive industry, while not the most 
gl rjtorou a , is, nevertheless, a very e> ventiv.l indus- 
try. The synthetic adhesives repr esent one of the 
significant chemical developments of the past ten 
years, and have now progressed to the point of high 
production rates. 

The adhesive industry i® the third largest 
single user of resinous plastic materials, being ex- 
ceeded only by protective coatings and molding-cast- 
ing desande. The adhesive industry • 1 «o accounts for 
approximately 60 per cent of the urea and melamine 
resins. In 1946, the monthly production of phenolic 
adhesive® averaged 1,100,000 pounds and the urea and 
melsmlne adhesive®, combined, averaged about 3,000,000 
pounds {19, 33). The figure® for 104? represent a 13 
per cent increase over 1946. 

The acceptance of adhesives for stress car- 
rying feature® of construction i© clearly Indicated 
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in present trend* (6), uoh as in the f • etening of 
utomobi 1« brake linings end a* in general aircraft 
construction. Through the proper application of ma- 
terials capable of meeting tha performance require- 
ments, adhesives will & * <eu*e their proper place in the 
industrial picture. Already synthetic adhesives have 
r»*i stored a first by bridging the g&p in mctsl-to- 
nomstfil bonding. 

bueh of t-hie industrial progress has been 
empirical, rather than scientific development baeed 
on veil -grounded theory, and progress 1# etill being 
hindered by the lack of etandardisation and detailed 
information. Today the industry i* ahead of research, 
and further new development cuot await the advance of 
fundamental investigation. 

The present goal is an economically feas- 
ible adhesive for every application demand, easily 
formed and applied, that h«» physical properties at 
least a* strong as the materials being bonded. 

For a better understanding of the types of 
adhesive©, a classified outline based or* chemical or- 
igin is presented (4, 15, 31, 46). 

Thermosetting Synthetic Fealn Adhesives 
Hsenol -formaldehyde 
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/henol-f arfuraldehyde 
H«*orclnoi-for»-I<iehyd» 
yrsa-foriru*ldehyde 
Melamine-formaldehyde 
Fu ranee 

Polyeater resing (also alkydo and aliyls) 
Anl 1 i n © -f o r asaltl ehyd© 

Polyurethanes 
Urea-re aoreinol 
Urea-melamine 

Thermoplastic Synthetic Peal n Adhe elver. 

Poly isobutylene 
Polyvinyl acetate 
Polyvinyl chloride-acetate 
Polyamides 
3111 cones 

Polymethacrylic and polyacrylic esters 
Coumaxons-i nd ene » 

Polyvinyl fcutyrsl 

P-Toluenemilphonaalde-nldehydefl 

Polystyrene 

Fatty acid resin 

Polyvinyl ethers 

Cellulose derivatives 
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fta&ksx mL fcjtt .Aflbaj»3LY.iji 

• u'ober latex 

SBaturul or reclaimed rubber 

Chlorinated rubber and rubber hydrochloride 

Cyclised rubber 

J-olychloroprene 

Butadiene-acrylo-ni trile copolymer 
Hyntheiic resin-rubber combinations 
Chlorinated synthetic robbers 

£.tU iiteis M2 itefik 

Cellulose nitrate 
Cellulose acetate 
Ethylcolluloee 
Metbylcelluloee 

Eodiusa carboxyaethyl cellulose 
Starch, dextrin 

M&txtral p.esin.i and Oils In Adhesives 
Rosin and roe in cetera 
Sheilas 
Asphalte 
0u» tragoeantU 
•ter gu* 

iineeed ail (oxidized) 
ulfite wa»“e liquors 
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• »tgr iiiSi in i&k*3l£*JL 

Cum arable 
Ova etnegftl 
C*r»Bin gua 

U&iSlB Mtej&Sl* 

Casein 

Soybean protein 
£« tr» 



Adhesives of AnlTFu or Tinh Orlrln 

Glut (bid*, extracted bone, green bons) 
riinfe off el 



Blood albumen 
Soluble dried blood 
,*.dh» elves 
Sodium eiiic&t® 

< ortlsnd c««ent 
Uagneeiu® oxychloride 
Plaster of paris 
kitto*rf*~§;lycerin 
kl »caliane<m« 

Asphalt 

£b«ll*C 



Oleo-resins 
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tfcMin end Alt "rltieh co-workers have done 
consider bit pionttr work on tilt theory of adhesion, 
is well as on the development of test methods (2t) . 
this work has been closely paralleled and extended 
in thie country by iirownn ami Tr»ux at the Uni tad 
^tetee Forest Products Laboratory In more recent 
years the kttTti. «ub-co®asitte® on adb selves end the in- 
dustrial research laboratories have carried on the 
investigation. Unfortunately much of the industrial 
research remain# inaccessible in the secret files of 
the v rlous cb?&paniee, 

During ~'orld tkur XX , » number of investi- 
gation* were undar taken; the objective being to de- 
velop * complete background of information on adhes- 
ives. The work done by the Vatlcnal Advisory Com- 
mittee for Aeronautics during thie period was a »o*fc 
valuable contribution to the technology of adhesives 
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THEORY OP* .\DJ< r fUOM 

Adhesion Is defined as the st*te in which two 
eurf cee litre held together by interfacial forces (.33). 

The theories of adhesion represent a series of complex 
phenomena that have long been controversial . Lariy in- 
vestigators believed that adhesion depended upon mechan- 
ical strength obtained through solidification of the ad- 
hesive in the pores of the surface* being bonded; they 
also suspected the presence of chemical forces. The pres- 
ent trend of thought is toward some form of specific itd- 
heeion. It le quite definite that the surface forcee of 
the materials being bonded are in ©ok# respect involved 
in adhesion. The types of adhesion are now considered 
as as© chan leal, fusion, and specific with emphasis on 
ipeelfio adhesion (IS). 

It l© po* lble that the characteristics of 
specific adhesion displayed by resins are due to the 
low molecular weight monomers or side-chains and that 
cobs ive properties of the film formed are due to the 
higher molecular weight molecules. Thermosetting *d~ 
heelvee, when cured, have both email end large mole- 
cules. 



specific adhesion requires wetting of the 
surface not only by the solvent, but also by the ad 
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heeive. Good wetting *.»<! evidence of ch»«ic 1 affinity 
are two of the properties which will indicate the prob- 
able behavior of the low Molecular weight and unreacted 
wcttoaei e in normal resin adhesive# (1G, 39). Wettabil- 
ity le dependent upon various fee tore., including the 
vieoosity of the liquid adhesive and it* surface ten- 
sion (45). 'fha ebov# is a hypotheeia, and it is well 
to rewetftber that the properties of specific adhesion t re 
not clearly understood; it is known, however, that a sur- 
face inherits specific forces which can be modified by 
the absorption of either water or organic Matter. 

At least four types of hording forces are im- 
portant to adhesion; they are electrostatic, covalent, 
metallic, and Van tier n&al * s forces. Experimental If , 
these forces are extremely difficult to analyte; bond- 
ing energies have, however, been calculated by hauling 
(35), and Leonard Jones (1?) has established the elec- 
trostatic attraction# that exist between surfaces and 
charged particles. 

Many experts consider banding as largely a 
function of eurface chemistry (8, 13, 14). It is known 
that the surface of a solid can differ considerably from 
its internal structure (1, 21, 30). this is especially 
true of metals which have surfaces that are covered with 
oxide films, a# well as adsorbed layers of gas. 6truc- 



*• 

trixltu )■ »*•»«»»’ iff kA' 

♦*> niff M|M^K.f> *J| Is «*] ftvl 

MMtffl Iff* iMllff toi **» V »M« 

-Iku/v* lift ,&Jt irr»i I^mi M i^u,^ 

ffdf »A)fH.|Wi M|( * r-**M |f ftl 

*«•» M«TMB #41 Mlt Il.«li W# n 

M 9# « §/ »Tkf» •« .(4» ^Oh 

•-*4 Mrttff.r* Vif ft<4» T9+rnwmm1 M 

• iff## .litrni ff# f# *- *•***•» fM 

1* un&m mi fro *%&* I>v;i orti#^' #**1 

h»#4i >J* .to ffi T*tik »i#»;» u bmmska mi 

••I »t4 fffllffd lc •#-.-%! Iff' J. *»i N 

.ft*!*?** | 4* I#4|, O* *ff 

•'/# * *•< ««f •«» .nil •» 

-***» tiM.'.ffffu t.» rUr%l»tt< IMn» n- *• .4# 

MiU#' t**#U *lt<* BVff«l Ml 

«M ***%< !«*#*« iM (Itl *<»««& Haffffl Iff *<«*! 



# u»^ui Iff i«s}iSM MMm MNtff M>l 

ffffMTt *4 It .fM a r.4 ,11 •*•%!** Iff **|# *»1 

•Rnfiini^ ttivjft mm Mik * n mi imi 

•! «l#t # JK* ( || iMlIltff III 

4 1 t - * # iff Pff'ill ’ • *mt 4®f^* ii k>'M 1 a ffitl 



otiit 



10 . 



tural oh«m:«s muy be Initiated in & surface by the migra- 
tion »f .ctive molecules into the surface layer and the 
adsorption of oontect moisture or organic matter (45). 

It i* true that various mechanical treatment** such as 
grinding, polishing, or abrading, may change the nature 
of the surface, but it is questionable a# to how much 
this effect# bonding. If metal ie sublimed on a properly 
prepared surf ate, a crystal pattern ie formed in the sub- 
llmed film. The surface* of metal* ere crystalline in 
nature and consist of small blocks with a number of mi- 
nute crack*, fie^uree, or grain bounderlea of email di- 
mensions, It 1* thought that the irregular structure at 
the surface results in non-homogeneous affinity for an 
adhesive. Experimental results, however, would indicate 
that this effect is not appreciable under normal condi- 
tions of surface preparation. 

the Keeinous Products and Chemical Company 
found that certain adfeee ivae form stronger bonds with 
high vnlency reetsls than with low valency metals (39). 
This is substantiated by McBain 1 * work (39). ith dif- 
ferent grades of steel the adhesion was poorest with 
silicon steels; perhaps due to the oxide film pre*ent. 

It in not very clear just why cleanliness ie 
eo important to adhesion; it may be due to the reduction 
in wettability initiated by the contaminated, surface, or 
it may be due to the reduction in the degree of polymer- 
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is&tian tfa-t result# when the solvent disperses the con- 
taminant jrnong the monomer® (3, 5). 

It is considered that the following re impor- 
t«nt to adheelont (2, 7, 30, 31, 34). 

1. Surface tension of the adhesive. 

3, Chemical nature of the surface. 

3. Proper tie* of the adhesive, 

4. Thickness of the bonded film. 

5. Method of application. 

6 . Solvents and solvent action. 

The ohyaicol *>rooerfci*8 of adhesive bonde have 
been found to be related to the thickness of the adhes- 
ive film forsaed. It ha® been su greeted that, if adh ca- 
lve films were formed from 100 per cent liquid adhesive 
memoae^a containing no volatile solvent, tile apparent 
strength of the assembly would be independent of the glue 
line thickness (8, 13). This has been pertistlly sub- 
stantiated by this experimental work since it was found, 
in the initial standardisation, that film thickness le 
more critical when the total solids content is relatively 
low. 

The present theories have not been found en- 
tirely applicable nor all-inclusive in this experimental 
work . 
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w roh FUr- 'ff.'-h IK7- TIGATIOI 

If the development in adhesive • is to con- 
tinue uninterrupted, *nd if indue try ie to iceet the 
practical goals that are possible, basic research and 
development must continue at an accelerated pace. A 
complete literature review indicates the need for re- 
search in theoretical phenomena, in edheeive develop- 
ment, end in improved application techniques, "owe of 
the epeoific problem® influencing edited on that warrant 
consideration ares 

1. Surface chemistry. 

2. Specific iitSheeicn . 

3. Standardisation of synthetic types. 

4. Methods of testing and appral eal . 

5. fur face conditioning and wettability. 

6. Use of solvent* . 

7. Thickness of glue line. 

S. Adsorption of films on the solid surf ce . 

9, Cleaning toy heat treating { 34 ) . 

10. Other cleaning method*. 

11. Properties of adheeivas such as viscosity, 
molecular structure, etc. 

12. Low temperature catalytic adhesive* . 

13. Activated surface e . 

14. If feet of thermal shock on bond strength. 
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15. *ffect of pre pure and temperature. 

16. ettlBg poorer of «<lh«»lvo# and solvent#. 

17. acidity or alkalinity of the adhesive. 

18. evelopuent of tape# and filse for indust- 
rial application. 

19. how temperature strength properties of cured 
bonds . 

20. ' loot ro-dopo sit ion of synthetic sdheeives on 
metals (P2). 

These are Only a fee of the many problems re- 
maining to be adequately investigated if synthetic ad- 
hesives are to retain their rightful position in the 
field of structural bonding. 

During the preliminary investigation involved 
in this work, it was decided first to explore the chem- 
ical and mechanical treatment of metal surface# a# re- 
lated to bond strength. This pyramided into a general 
exploration *a new problems were unraveled. This study 
«*s pur sued as f r as time and equipment permitted. The 
investigation concluded by the development and test- 
ing of impregnated tissue films for metal -to -me t&X bond- 
ing. 

Problem* studied in this metal-to-wetal bond- 



ing investigation* 
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1, Th® effect on tensile etren th of the following 
vr.ri»bls*J 

t. Conditions of dry und precure of the v<3~ 
healv* prior to makinp the assembly. 

B. Pressure function* during the euro period. 

G. Mechanical (surface treatment. 

1). Cbesiesl surface treatment. 

X. Variation from metal to motel (steel, ?! 
aluminum, and 17 ”T aluminum}. 

8. idheeiv* currier film* of impregnated tloaue 
pan or. 

3. Unsupported adhesive fllais presently In ex- 
perimental pilot plant production. 



statistical A';*.ir: , i f 5 



u. 



The execution of this experimental work necee- 
sit ted the running of a large number of teats (some 500 
specimens were tested), which consumed s considerable 
amount of time* although the minimum number of specimens 
was used for each test. This forced the use of a method 
of analysis that would give a measured degree of assurance 
with a minimum amount of data covering each variable that 
was studied. These circuastincen justify the uee of sta- 
tistical analysis. The end uoint of this experimental 
work would be the successive elimination and determination 
of the variable, and can be arrived at, with eoae degree 
of assurance, only by the collection of considerably wore 
data. 

Statistical atialyaie is the application of sci- 
entific methods to* 

(a) the control sampling of a body of numerical 
quantitative characteristics underlying tbs 
subject of inquiry, 

(b) the condensation of the essential informa- 
tion to a few mathematical statistics which 
facilitate interpretation with a minimum of 
error, 

(c) the formation of hypotheses regarding the 
true corresponding parameters and diatri- 
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button function of the universe of phenom- 
ena for which the datum Is only » sample, 

(d) the testing of these hypoth ewea In terae 
of srosn ling probabilities and their rejec- 
tion or retention on the basis of qualified 
credibility, 

(e) the redesign of old or the deelg* of near 
experiment a to gather data frets which In- 
ference a «ay he drawn. 

The fundamental basis of statistical analysis, 
and the one upon which the engineering statistician just- 
ifies It® uce in practice, is that useful knowledge i* 
often empiric**!. This involves & concent of knowleige 
which includes three important components, (41), *(«) the 
date of experience in which tho process of knowing begins , 
(b) the prediction P in terms of data that one would ex- 
pect to get if he were to perform certain experiments In 
the future , and (o) the degree of belief |u tho pre- 
diction P breed on the original data or aor.e euiemry 
thereof se evidence £*. 

There i# much evidence in the literature of 
theoretical chemistry and physics to show thet funda- 
mental law® with which the engineer deal* daily are sta- 
tistic#! in nature. It may be easily demonstrated that 
such physical phenomena 4® temperature, pressure, vis- 
cosity, end entropy (fro* a molecular viewpoint) are in 
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• *«enc« «t tietical distributions. One wight go on indef- 
initely, pointing out the statistical nature of such phe- 
nomen oe the brownian «soveE«ent, Harwell *» distribution 
of molecular velocities, tbs density of a fluid, rates of 
diffusion and evaporation, rates of thermal and photo- 
chemical reactions, etc. 

Controlled sampling is the very heart of sta- 
tistical analysis, all inferences being objectively based 
©rs the original date. All quantitative data describing a 
physical or chemical ©vent arises fro* the operation of 
one or more causes. It is usual that the number of 
causes producing any particular effect is extremely 
large, these causes, which cannot be identified and 
which are beyond comprehension, are termed chance or 
random causes. hen only these causes nr# operating, 
when they are infinite in number and the variable is 
continuous, the statistics! distribution is the nor- 
mal curve, this distribution is generally utilized us 
the criterion of ultimate randomness. 

Regardless of the type of measurements made, 
the data will vary according to some type of statis- 
tics! distribution, that is, the measurements are sub- 
ject to the influence of numerous unknown causes, end 
hence, with all measurements there Is associated some 
type of error. 
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{Statistical sampling procedure# ale at a ran- 
dom set of observations. If a series i# found to be non- 
homo s?eneou a by teat, it will be necessary to identify end 
remove these individual* of the series which are not com- 
patible with the whole, or to remove those protuberant 
causes which are responsible for non-homogeneity. 

These experimental data are Interpreted through 
analysis of variance. This is contingent upon & normal 
distribution of specimens, and differentiates between var- 
iation due to chance and variation due to some signifi- 
cant variable (9, 10). Since no attempt is being made 
to derive relationships, correlation studies are not ap- 
plicable. The derivation of the formulas used in analy- 
zing the data, are in the appendix, page 72. In a few 
instances the results are inconclusive by tMe method, 
and are so designated; In such eases the collection of 
more data is indicated. 
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ItPlIimiTU W 0 R I 

mum kmi mcufuc 

fclaroscopiO'?! examination was used to study the 
nominal conditions for drying end procuring. First, var- 
ious thicknesses of adhesive on the metal were studied. 
The thicker the film, the wore difficult the problem of 
drying, and the more the cracks and blisters. This was 
determined by observing the drying of liquid adhesive 
film, 8, 4, 6, 8, ID, and 12 mile thick in a series of 
petri dishes. Once started, cracking proceeds very rap- 
idly unless the rate of drying is reduced immediately. 

The starting points in the cracking or blistering func- 
tion as reck spots in the surface destruction. Any pores 
or irregularities in a film act as weak spots where 
stresses develop and concentrate as activating forces. 
$hen the tensile strength in the vicinity of the weak 
spots is exceeded, cracks develop because of the ori- 
ented tension fields. Observed under polarized light, 
there wsre bright bands along the creeks and around the 
blisters, indicating internal elastic tensions. These 
increased in intensity ae the cracks and blisters be- 
came more prominent. 

If drying is too rapid, or the film is too 
thick, many blisters fora. A reasonable explanation is 
that as the film dries too rapidly, » scum forms on the 
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surface, dosing the pore? and trapping the remaining 
solvent. 

The forces of pull and pressure set up in the 
surf see, when the fli* was too thick or the drying vat 
too rapid, were quite obvious from the violent w»y in 
which the surface was distorted. 

The pre cure must be euoh that polymerization 
is not extensive. If polymerisation it carried too far, 
there is loes of strength at the adhesive-adhesive inter- 
face where the assembly is made. 

Too rapid drying result# in blitters and cracks 
The heavier the film, the olever the drying must bej thus 
a film just sufficiently thick to prevent a starved joint 
it the optimum. The optimum conditions were determined 
for each adhesive, ami a low temperature dry was used to 
reduce blistering and to eliminate cracking. 

It w&e found that & humid atmosphere during 
the drying period lower® the drying rate, end may result 
in unsatisfactory effects regardless of how well the 
other variables were controlled. This may be explained 
by the hygroscopic character of the solvent and the con- 
sequent absorption of ^ater, not only at the surface, 
but throughout the adhesive body. 
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im. wrs: e?m)iK» 

'fh# effects of preeeure were ®tudied under the 
microscope, with the ®peoial arrangement pictured on page® 
31-32, using t*o pyre* glue® discs 5 inchee in diameter and 
&-inch thick. The preacur* was applied through "C* clamp® 
having steel reinforced cork Jaw** and the temperature was 
regulated by the heated platen* to be described in connec- 
tion with the met&llographic pres®. 

One of the best illustration® of pressure ef- 
fect (27) was found while investigating *Cycl«wel& 55-9" , 
a phenolic-rubber base adh««ive manufactured by the Chry- 
sler Corporation. Thin adhesive, when examined in the 
partially polymerized state, and under the influence of 
heat and uneven pressure distribution, appeared to have 
inwardly oriented molecule® when viewed under polarized 
light. This would suggest either the presence of a per- 
oxide catalyst or of hoop stresses. (See the photomicro- 
graphs on page 24.) When one of the pyrex plates cracked 
under pressure during the curing operation, this phenom- 
enon was observed in the area immediately adjacent to 
the creek. It wag possible to reproduce this phenom- 
enon under any condition which gave uneven pressure dis- 
tribution throughout the cure period. 



Under normal pressure distribution there was 
polymerization and some flocculation, but no apparent 
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orientation. -te&l specimens In which the uneven pres- 
sure distribution we; evidenced in the failure, gave re- 
duced tensile strength, thus indicating the importance 
of an evenly distributed pre enure on the specimens dur- 
ing the cure. 

In another experimental application the adhes- 
ive wan spoiled to the pyrex dices and they were eosea- 
bled. Heat was applied, and eventually gae bubbles 
formed (escaping solvent). Pressure was applied, and 
these solvent bubbles were forced to the edge end out 
from between the aseewbly. As polymerization continued, 
more bubbles formed and were unable to migrate to the 
edge because of the high vioooslty. Preefeure was in- 
creased and the gas bubbles were driven back into solu- 
tion. Apparently the pressure increase© the solubility 
of the gases in the fluid polymer, sinoe the gases re- 
appeared in bubble form when the pres sure was released. 
Yhis r ever eel was possible throughout the cure period as 
long as the adhesive was fluid. 

Many contraction cavities were present in the 
various plates that were cured with little or no pres- 
sure. It is seen from the photomicrograph on page 25 
that contraction cavities reduce the interfacial area 
between the adhesive and the surfaces being bonded; this 
impairs the total bond strength. 
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In still anstfcsr experimental Application, to© 
pyrcx discs were assembled, the liquid adhesive was de- 
g - esed in a vacuum desiccator and flowed between the 
dleos by capillary action; during the cure of this spec- 
imen there was no bubble formation end no evidence of 
fuse* being evolved. 

This microscopical exploration would indicate 
that pressure in the curing of adhesive joints serves 
the following functions; 

1. Insures flow of the adhesive to all parte of 
the joint. 

3. Holds the mating surfaces in inti net® contact. 

3. Reduces the sise and number of contraction 
cavities. 

4. Seduces stress concentrations by insuring even 
pressure distribution. 

5. Reduces the number of air bubbles In the cured 
glue line. 

This study also i mi tested that vapor bubble* 
can be eliminated by the degassing of the liquid adhes- 
ive and the flowing of the adhesive between tbs mating 
surfaces by capillary action. This would require more 
investigation before industrial application could be 
recommended. 
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. a*® it®., urc# of bend strength is necessary in 
ord*x to evaluate the various properties being reviewed, 
tftar a survey of the A.C.T.*. teat Method*, and the lork 
of previous investigators, it ■was decided to adopt ten- 
sile tasting as the primary method of analysis bec^.uet 
it gives » better evaluation of bond properties than any 
other single teat method presently in use, and because of 
the aval lability of equipment (S3), During the standard- 
ization rune, which wore Made to determine the optimum 
conditions for bonding, the tensile testing »»a substan- 
tiated by double ahaar teats. Three types of metal epee- 
iratma were used - mild uteel, 17 HT aluminum, and 2 0 
oluraimtmj the selection was b ead on the availability of 
material and the desirability of correlating and extend- 
ing previous »or V. *ircular <ii*c specimens, each having 
a bonding surface re/> of one square inch, were uisd for 
the tests. Hound, rather than oquare, apeclaena were 
used in order to elioint t» the ooint stresses at the 
corners of square specimen* , Close attention wa® paid 
to the machining of ail specimens. 

The first data vers concerned with the effect 
of Mechanical surface on bond strength. 'pec- 

i«j«n« were tested under the following aurf&ce conditions* 
(11, 34) 
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Afcr.anttia - in an OXeen aerometer fox 100 revo- 
lutions, URlag aluminum ©aide. This method of 
abrasion was eelected because it gave reproduc- 
ible results. 

2- ■jmU2£X&m& ~ *r#U*in**y finishing 

at 250 r.p.m. on an Adolf 0* Buleeu finishing 
wheel down through triple scro paper . Final 
polishing was on a 1500 F - A B standard, pol- 
ishing head, complete with a 550 r.p.m. 8-inch 
balanced polishing dice. the polishing agent 
was a chromic oxide solution consieting of 30 
greme of the powder and 10 oc of 5 per cent gum 
arable added to one liter of distilled water. 

5. A| received - aluminum sped mens had a history 
of mill finish; the steel specimen* had a his- 
tory of mill finish, followed by bori rental 
grinding to provide parallel faces, 
to insure that no ' cleanliness variable mss in- 
troduced, the sasse cleaning procedure wee need for each 
series of tost®. After many Btofttardirettoft trials, it 
wee decided to use a solvent dtgrtaee following the sur- 
face preparation because of ease and speed ©f applica- 
tion (25). The degree of cleanliness was determined by 
the water break test, it is common knowledge that * 
clean metallic surface will support e continuous water 
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layer. If the w*t«r layer break:# and runs off irregu- 
larly, the surface require# more cleaning. Acetone was 
used a « the degreasing agent. 

APfUKtATIOH OF ACWSIV* (42) 

The fil» of adhesive we* applied toy dipping 
the prepared acial surface, a# eoon as it was clean snd 
dry. Into the liquid adhesive, the proper viccosity of 
the adhesive, to give the desired til* thickness, was 
determined by standardisation runs prior to actual dip- 
ping, This suet bo a# regulated that the final cured 
glut line is between tiro and six mile in thickness which 
is the industrial practice. The combined drying and pre- 
curing ties® is 18 hours. Prelieinary investigation re- 
vealed the presence of vapor bubbles in the uncured fils; 
subsequent drying wan accomplished in m vacuum desiccator. 
It le possible that this removal of air, vapor, and oxy- 
gen from the film mx y h»vs introduced w»®tteer variable; 
however, if ouch was the case, then the variable was 
present in all applications (13, IS), It is important 
that toapcr&tur® control toe employed during the precure 
period, and that the adhesive is not heated too rapidly; 
otherwise, the surface pores close quickly, trapping 
solvent, and leaving bubbles and contraction cavities in 
the cured bond. 9t« Figure 3 on page 25. 
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& standard Ji*oher i&ctoJilographiG apeciatm 
press, shlch applies pressure hydraulically through t»o 
heated brass platans, was used for the curing operation, 
Jae platans are 4^-inche* square and i~inch thick, each 
contain a thermometer well anti two 150~w«tt rheostat- 
controlled finger hcat&rs., A sheet of asbestos hoard 
separatee each platen from the press, ^tund&rd shim 
stock wae u ed to level, the platens and to insure even 
pressure distribution. Toe press is ideally suited, for 
the application. 

The speeioens were introduced to the press af~ 
ter the platens had reached curing temperature; a better 
procedure might have been to introduce the specimens with 
the platea* at room temperature «nd gradually work up to 
curing temperature. however, time did not permit each & 
practice, and tha results sere cent i stent when using the 
procedure outlined. 

The bonding procedure used wae, in general, ae 

follows? 

1. hip the prepared bonding surface of the clean 
and dry specimens into the liquid «dho.ive. It 
was found advantageous to keep the total solids 
content high in order to minimise solvent ef- 
fect *nd bubble formation. 
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2. Drain the surface momentarily and set the dice 
in a horiRontal position with the film surface 
upper-most. 

3. Allow film to dry as Instructed by the adhesive 
manufacturer. (Eighteen hours for Textolite.) 

4. Ui^.intain the platens at the curing temperature. 

5. Introduce the assembled specimen into the press, 
being careful to maintain alignment of the spec- 
imen discs throughout the cure. 

6. Apply optimum pressure and temperature for the 
optimum time. 

7. Release pressure and remove specimens. 

8. Cool specimens in the air and measure the glue 
line thickness. (Fimtl glue line thickness must 
be in the range .002-. 006 inches.) 

From the standardisation runs it was found that 
temperature, pressure, and time must be controlled 
throughout the cure period in order to insure reproduc- 
ible results. It is necessary to determine experiment- 
ally the optimum condi tiona for each adhesive. 

the temperature controls the rate of cure, and 
consequently, the time of cure. It was found that « 
slight change in temperature materially changes the 
strength of the bond. 
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FIGURE 4 

Apparatus used for Curing and Pressure Studies. 
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Apparatus used for Curing and Pressure Studies 
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TT. II SILK TEf'TIKG 

testing was accomplished in a Southwark 50,000 
pound universal tester having an accuracy of £ io pounds. 
The disc specimens were on® square Inch in contact area, 
and self-aligning tension jigs were used to insure axial 
loading, &fter failure, the break wae inspected visu- 
ally and microscopically. The criterion of test accept- 
ance «ae a failure partially or entirely in the adhesive. 
During the teats, not a single properly cured, clean 
specimen gave failure entirely at the metal interface. 

ihile tensile testing does not evaluate all of 
the properties of the adhesive, it does give as good an 
evaluation as any other single teet method, and previous 
investigators have used it more frequently than nny other 
method. 
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hh&kt Ml* 1-terMMk ifllUlfll* U0 # 43, 45, 44) 

Almost all metal adhesive© are mads by the ad- 
dition of one or mare of the the mo set ting resins ta one 
of the rubber resin*. Tbi© add© strength and hardness 
to the bond »i nea the thermosetting adhesives produce 
the strongest and most resistant bonds of all the var- 
ious types of adhesives (38) . 

Tea toll te - is a rubber base phenolic resin 
adhesive manufactured by Oeneral Sleetrio Company. 1 t 
in a partially polymerised liquid of medium viscosity. 

It is a good aethi-to-metel adhesive, but fas* a United 
©half life* 

The specimen© ©re dipped 'is the *?ertolite% 
drained, and then dried for 10 hours in a vacuum des- 
iccator after which they are assembled and cured in & 
heated prate for fifteen minutes at 300 pel. Jr. addi- 
tion to the ©tender di as a. t i on rune, a to tel of 7© speci- 
mens wer® run using *T**xtolite w . The data are in 
table© 1-6, inclusive. Humidity was not controlled ex- 
cept for the data in tables 1, 3, and 2. 
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Table 1 



Adhesive 






"Textolite" 


Surface Cleaning 






acetone 


Cure Temperature 






165*C 


Cure Pressure 






3C0 psi 


Cure Tiae 






15 minutes 


Type of Metal 


Tensile 




aild steel 


Mechanical 

Surface 

Treatment! 


1 

Z°2tem. 


2 

Abraded 


3 

4SL-%8EtSf.fi 




2200 psi 


2420 psi 


2580 psi 




2200 


2570 


2300 




2520 


2540 


2630 




Zh3£t 


ih 22 


2122 


Coluatn 
Average t 


2400 


2555 


2490 



Analysis of variance (20). Slide rule accuracy. 

Total * A + B - JL k(xi) 2 « (]§_ ^_xi) 2 * R - P 

o o $ 

KN 

A * (| 4»1)‘ - S - F 

H KN 

(See appendix page <^2 ) 
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Dividing xl In Table 1 by XO and subtracting 242 gives* 



**1 


xi t 


* 15 


*** 


**3 


xl. 


484 


-22 


0 


0 


256 


16 


196 


-14 


225 


15 


144 


-12 


100 


10 


144 


12 


441 


21 


124 




m 


21 


—2 


a 



xi - -8 54 28 

0 



(f-xi) 3 ’ " 


1104 


1098 


850 




1104 

1098 

850 


(i- * xi) 2 » 
\ 0 0 

KK 


* 456 




3050 . il|L(xi) a 
4g6 0 ^ 

2596 * Total 


- * - 
H 


M 942 


Source of 
variation 


Variation or 
sub of squared 
deviation 


Degrees of 
freedoa 


Variance 


Between 
columns - A 


485 


K - 1 
2 


243 


Between 
rows - B 


2111 


K(n - 1) 
9 


235 


Total 


2596 


1 





t , 2 dl • 1,034 



P for 5 % tables » 4.26 
Ho significant variation 
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it is («%n fra® the analysis of variance 
on Table 1 that there i* no significant v ristlon 
between the several condition* of mirftce prepara- 
tion. is long &a the surface la olesti the me oh* n- 
Icl surface treatment doao not ap-'* r to be impor- 
tant. This doe* not '«pply to poorly fitted surface* 
or to surface* abraded to the extent th*t there are 
points of contact between the projections of two 
surfaces that are capable of etre*» concentration#. 

An attempt w«.a rn.de to atady the effect of 
sublimed metal films on the strength of bond. 8ew- 
, ever* the failure occurred in the bond between the 
curface end the sublimed mttnl film, nnd thus thr 
results were meaningless. 
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T4«J 2 



Surface Cleaning 
Cure Temperature 
Cure Fxeeeure 
Cure Time 
Type of Metal 



B ?*»tollte* 
Acetone 
166®0 
300 pet 
15 minute a 
1? 0? Alumimai 



Mechanical l » $ 



Surface Treatment 




JMMM 






3030 pet 


3410 pet 


2450 pet 




3640 


3410 


2400 




3340 


mo 


2340 




3880 


0S50 


8500 


Column Average * 


28*3 


2840 


2422 



Analyst* of verlenoe for table s i» on papa 74 In the 
append!* , There ie no etgnific-ni variation. 
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AfUtceive 

■ .<?f >ce r -' 

Cure T etc *'*!•» lure 
^are f'yerj-ujrt 
are tin* 

?/;« of Vetvi 



" fox toll te* 

Acetone 

iQS°0 

300 pel 

18 aJtMtt# 

3 .• Aluadnun 



T 



. eohertical 


l 


3 


Surface Treatments 


f oil ah*, d 


■U 'LJJMM 




1T40 pal 


1890 pel 




1920 


1810 




1990 


1090 




im 


130p 


Column voyages 


1818 


lets 



There is no sipnlfieent variation between polished and 
mill finished specimens. 
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I’lt* tfae difference in th* coloem weAat of 
t»blee 1, 4, «um} 8, *n*ly*l» of variance Indio tee taet 
there i» no elgniflc^nt variation with amcb.. nic*X eur- 
face tre^t^ent *« long ».# tne eurface i» chewio liy 
cle*n nd free frow dirt. Thie le contrary to thv jxjp- 
ular belief tbet abraded ox e# tided ssetele offer the 
beet bonding eurfe.ee «» Tbits ml conception probably or- 
iginated free the practice of eemdiRg or abrading the 
eurfec# in order to clears it, and instruction* to send 
the ate tel surface -re not invalid §e loaf • e th»re i* 
to be no cheeticei cleaning. However, for «*«y appli- 
cation# « cheteio; t cleaning 1# fetter, wort eeonoa— 
icei and should be eapioye*!. 

Thl« hm recently been mifeetentu&ted by 
'• oeer (84) working with glee* epeciwene. ^his deepite 
the f -ct that petal surface* ar© crystalline in nature 
end glee* ie non-cry etelliee. 
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T4AL.. 4 



adhesive 

,'yrfeoe 'leaning 
dure Temperature 
Curs Preerure 
Cure Ti *• 

lechvnioai Treatesent 



Acetone 

165°C 

3-30 pel 

15 minutes 
will finish 






Mild lV.^T 

Type of detail ^fcaai 

asao P «1 2450 pel 

moo 2400 

'<630 3340 

£4.fiP ?900. 



Colusin Average | 2400 



34ra 



? a 

Aluminum * 

1830 pel 
1010 
1880 

1800 

185 > 



* fe’ierosoopi© #*.<?3i£v tiers revealed the presence 

of *ct&l eiivers end oxide peril cl ee in the failed -d- 
tHtfi. The -ipeoittene «*pe«red to beet ... heavy oxide 
costing. 
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It la oslievad tnat the *1**01 f leant diffcienos 
ob*- rv*4 In table 4 , when the 8 8 klxmimm data •• re In- 
cluded, was the result of poor wettability. The ter 
break t*#t v?*a used *• the criterion of • . 

It it possible that something in the history of the 
specimens resulted in go >4 water wettability, but low 
»<5h« slve «r# 1 1 atoi 1 i fey . 

These specimen*, *.fier failure, were diac^rded 
end new specimens recently ellletf were used for the teat 
diet © in table 8 which did not show a siguif ic.*at differ- 
ence by tbs f teat. 

The results of feeble 4 ere Inconclusive, and 
the collection of more data is indicated, however, the 
result* of the standardisation tests Indio. fee tb»t Most 
adhesives have a greater affinity for on# ••« * 1 ih » 
for another, even though there fee normally no signifi- 
cant variation for the three metals tested on a 5-p#r 
cent level. For applications requiring m*ximm 
strength, us* Must be m»4« of * specific adhesive prop- 
erly selected. 






The »#th© • of clew ing are .»tlf-*i Inatory, 
except for ti»t epeci * l treatment. This epeci 1 treat- 
ment eonair>t»4 of immersing the parte in the cleaning 
beth, maintained at a te*pe nature of 160 degree* F. for 
* period of five minute*, the comspQettion of he clean** 
ine bsth was ## follow*! 

Sodium -<et»*ill«*t« { foshydrcue) 3.0 ounce* 

MSsyl *>ryl odium frulpbonate ft. 4 ounce* 

Tap ‘'•ter 1.0 gallon 

Immediately after re^orin* fro® the cleaning 
fe-'th, the pert* war# rinsed t» running water ansi the 
surfaces examined for 4i e-continuity of the water film. 
If the enter film va di econtlnuoue, the parte were 
again immersed In the clean!**: h th, r.e specified ••here, 
and rifteed. the deeming «nd rinsing was repeated until 
the meter film mol ot aimed it® continuity. 

the part# were than lemerred in the chromic 
acid fea.tb, maintained at a temper ■ tore ©f 140 to 160 
degree* P. for a period of three minute*. The coapoe- 
iticn of the chronic fed 4 hath wa* ee fellow*; 

Chromic Acid 8 per cost by 'eight 

Tap v ai«r 95 per cent by weight 

After removing from the chromic acid hath* the 
parte were rinsed in distillled water and dried. 
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um 



I4imj( Ml 'HMI 



Adhesive 




*?extoli te" 




Cure temper 


»ture 


165°C 






Omt9 Pressure 


300 p«i 




Cure Time 




15 minute# 




Mechanic*! 


f ini eh 


mill 


finish 




Type nf Metal 


ml Iti 


ct eel 






r/r*r>xif. 


MPVK0T8. 






Crfeeisi cal 
jrface 
Treatment! 


X 

electrolytic 

m - - - 


9 

1 olvent 
I jua.t.ojHi 


3 

9* i fee cpfcer- 


4 

-pedal 
Treat* mi 




3650 p»i 


3530 pel 


T590 pal 


2410 pel 




2330 


2630 


2810 


7360 




2530 


2470 


3640 


2560 




3750 ,, 


- MQ ... 


"760 


>610 


Column 

Average! 


7570 


2483 


2700 


S4-9G 



5 

Untreated 

BfQQ pel 

1410 

1450 

Column 

kww*$9i 1870 






.** 
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lai« 
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in 







































TA« 8 .» 6 



'oSjfiesi're 

Cur# Te»p«r*tur« 
Cur# Freeware 
Cure Tin# 
XeehestlesI finish 
Type of Hettl 



"Textolite" 

l$5°C 

300 pel 

15 jDirwtfs 
Mill finish 
1.7 BT alua&mm 



r-tisxis nfn.EncyB 

Chew leal 1 234 

Surface Solvent 2 % Phosphoric Ipeeiel. Untreated 

f*e«t*emti £t*Zl»*t &U_. l&£l*Jl£8£ 

3450 p«l 28X0 pel 2750 ptl 2*10 pel 

2410 2570 3590 1430 

2330 23S0 2470 U80 



Column 
Average t 




?4SQ 



1807 



3410 1940 

2558 1690 



itm 




m*m*U Tf f 4 * 4 # t* »• HtT 
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is of table# 5 and 6 indio> te quite con- 
clusively that there it no significant variation between 
the methods of chemical cleaning that were tested, how- 
ever , there i# a etgnif leant difference in tensile 
strength between clean and unclean specimen*. ¥bi« in- 
dicated that the moat economical method of ehemiowl 
©leaning should normally be used. 
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RSDUX 

The third adhesive investigated hat the trade 
name •Hedur", n& i* a liquid thermosetting reuin de- 
signed for bonding netal-to-ajet&l end actai-to-wood. 
this la a phenolic -OH^O base adhesive with a vinyl 
resin added* It requires the us® of tm acid catalyst 
in the form of a stable, white granular powder manu- 
factured by the fteslnou & Products end Chemical Company. 
One of the greatest limitations is its storage proper- 
tie*. The liquid Psdux mist be refrigerated, and ha* a 
aiiiaa storage life of about tw months. 

The data for ftedur are In tables 7-9 inclus- 



ive. 
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? r> iLl 7 



Aduealve 

Cure Tewpereture 
Cur© treasure 
Cura Tina 
tfech&nlcel 7 ini *b 
Cleaning Agent 



Liquid Med as with c«t»iyet 
U9°G 
300 pal 
lb minutes 
*111 finish 
acetone 



type of tee tall 



Tfii« SUE aim'EOfH 



X 

MUlLktadL 

3900 pel 

3810 

4540 



$ 




4070 pel 

4300 

4300 



4.oqa 4.810 



Oolusrn Average* 4083 



4370 



Ho significant variation by the two-tail T teat. 
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jumiexvt riLva 

One of the major problems in the use of ad- 
hesives 1® In their application, *hen using liquid ad- 
hesive, it i® difficult to obtain uni farm dependable re- 
sults, even with experienced personnel. The lengthy 
tin# of drying and precure prevents the Use of adhesive* 
in many stet&l-to-raatal bonding applications. The slim- 
ins U on of these two operations would extend adhesive 
bonding to m any more applications. 

The industrial implications of using adhesive 
films in preference to liquid adhesive* arcs numerous . 
the use of files, where applicable, will reduce wastage, 
eliminate messy handling, allow wider use of unskilled 
labor, eliminate holdup-time resulting fro® the preoure 
and pre-drying operation©, mil insure more uniform and 
war® deoemdable r**»lt». 

In this phm® of the work the impregnation of 
various paper® and textiles with adhesives war® invest- 
igated (IS). Most of the textile fabrics proved unset- 
isfaotory because the fibers either supported too much 
adhesive or g*v# uneven, irregular impregnation . The 
paper* tested vert filter paper, lens paper, cellulose 
wadding, tissue paper, glmmln* paper, and special 
plastic paper# (13, 38, 47). The most successful «p- 
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pile tt >n* warn with uncalenuered tl*«ue paper having 
chsmic-.liy pure cellulose fiber, . *'v«n then trouble 

w*i experienced with u&hes ive» having a low TO because 
of the acid attack on the cellulose. After considerable 
investigation ami studies, tissue paper was sail ef ac- 
tor 1 If impregnated with He dux, Cycleweld, and fltotond. 
These experimental impregnated film® were tested, and 
the result® compared with an industrial experiment*! 
film that its now in pilot plant production. Tbit film 
1* "Peritaeel *15€5% manufactured by the Industrial Tape 
Corporation. «ft#r studying the properties of these 
films, it was concluded that films properly selected 
could be used for moat industrial applications. How- 
ever, not all adhesives lend themselves to the forma- 
tion of Impregnated films. Under such circumstances it 
should be possible to use dried filiae of the adhesive 
as in *peraaoel 15lsS rt . Hover o r, thess films, unless ex- 
tremely thin, are mr% brittle than impregnated films. 
The result® of teat* using experimental film* are in 
tobies 8, 9, 10, *ad 11. 
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nx&ui KxrmxnrsTM. tum 

The euper ieumtal film w&* cmd* »y submerging 
cheat* of thin tissue paper in a container of wediuu 
vlccoal ty Hedux for two hours, removing, draining, and 
rc submerging for a ci Hilar period. This me* followed 
by a one hour period for draining and drying before cut- 
ting the film to *lae end maklag the #*ss*»bllea for cur- 
ing. T&i * process gave a final cured glue line of ap- 
proximately three mile thicknoae when one layer of ftl* 
wat used. 
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TAUfc* 8 
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* 



Adhesive 

Cure Temper » tur« 
Cure Pressure 
Cure Time 
Mechel cal Finish 
Cleaning Agent 
Thickness? of Film 



Axperimental "Kertux" film 
XSO°C 
300 pel 
15 minute* 

Ml finish 
acetone 
one layer 



Type of me tel t 



ffU. Jl, - ‘ f ■' r: UC TH 

1 

g ft. Aluminum 
3200 pel 

2410 



ano pel 

2040 



3380 3430 

3350 assq 



Column averages 



3.335 



r , ^ 
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m<I->i »>•#* fat»Wi 

I'Ht Mt* ail< »* *»**«"M» 




!•« «m 



r*fln 9 



Adhesive 

Cure Temperature 
Ours Free sure 



Sci»eri»«a%al »«edux* Tilm 

340°r 
300 pel 



Cure Tiae 




15 minute* 




tfeebanlo&l 


Fini eh 


Bill finish 




Cleaning Agent 


acetone 




Type of Metal 


1? ST clursinua 






mj 






m* 

TbicVneeei 


i 

2 1 eiytra* 


3 

3 layers** 
After 3 months 

MMW 


3 

1 layer*' 
After 3 months 






3540 


1980 


2340 




SftiO 


3310 


3230 




2810 


2430 


32*0 




2M& 


mm 


M§& 


Column 

Average? 


2625 


2598 


2350 



* Specimen* were prepared mad tested as mon »• the 
i*pregnat#d carrier were »ade and dried. 

** Upeeiaena prepared 3 acatha after the files was made 
*»A stored. 
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film*® 

Plibond l* » ri recur, t*»n colored thermoplastic 
fcOfee Ire ns&mif . ctureU by the Goodyear Tire end Rubber 
Company . Tale i© a rubber ba e a&neeiv© baring 30 per 
cent solid e in » solution of methyl ethyl ketone* Tht* 
thermoplastic edheeiee w»« use i. to give an Indication »§ 
to how thermoplastic adhesive- aotsr »■*« with thereto Retting 
•Ah* elves*; the data ere in tabis 10. 



CTCLK*TL0 



Two types of Cyclcreld manufactured by the 
Chrysler Corporation were need in the film formation. 

The C-3 Cycleweld le a mixture of rbenol formaldehyde, 
carbon black, rubber and solvents (3£ , 3?) . 4 4 seen 

from the data in table 10 this adhesive* doer not lend 
itself well to use Impregnated fil«s». T&e St-9 Cycle- 
weld which is alec m phenolic rubber base adhesive gave 
more encouraging remits when used as *n iaejiregiBatwd 
fila than did the 0-3 CycleweM. 
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TaBU 10 



Cure Tmi are tur® 
Cure Freesrure 
Our# Ti»® 
Mechanical Fialeh 
Type of t'etal 
Cleaning Agent 



iZ0°T 

330 pat 
IS minute « 
ground mirface 
mild at eel 
acetone 



T«mi» t.T4SUMST3 



Type 



of 


Liquid 


File* 


Fils? Croleweld £8*9 


Adfce»iv«* 


Cyoleweld ,&M? 


£xfil£2fiidj&£ After? mn%h* *tex«# 




tno pel 


2440 pel 


2OS0 P«i 




2040 


X830 


1980 






88*0 


1640 


1890 






Em 




1.860 




Coluam 










Average* 


2732 


20S0 


1840 






Liquid 


m» 


Liquid 


> lla 




ifrUlWU 0-S 


£xslm^&-£sa 


msLmm. 


mmi>& 




8440 pel 


820 pel 


1840 pel 


1880 p»i 




3700 


SOD 


1910 


1810 




8660 


280 


3070 


1660 




mo 


48a 


1730 


1720 


Colujtn 










Average! 


2636 


813 


1888 


1768 






t*W4 
1H CC4 

44 









X**n Mis 



dal of% 

,UIW X 
f< 




gJ.Ui-ULJ-Q 

^ihI 

K»«*{7f9 Miif tIJI kiwi i 

f -Jr, &Ussii i , f~fi iitIimi* 



cm 


M e*>t 


*»« Kt- 




61* i 


0*41 


Mi 


6*44 


4*4C 


mi 


ttfcS 


MU 


mi 


64* • 


Ml 



>lo? 




tM W4M *«<f '"'*•4 




1*« 




Kf 38 


3? 


COf 

(411 




feU M&U 


ttt 


au 


Mi. 


W1 MM 


ia 


iw 





a tu 
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The £*%& for impress*.- ted ticsu® paper film* are 
present**! in tables B, 9, am! 10. The reduction in ten- 
sile strength when ueint enrrier film ti<she»iv**, &s com- 
pared to the suet adhesive® in liquid for**, -res 

Cyelcweld ft 0-9 24 

Cycleeeld 0-3 81 

H X tobsnd 8 

Re dux 40 

However , in all o *eee except Cycleweld e-3, 
the impregnated film guv® good enough strength for normal 
application® and develo patent work should result in better 
strength properties for the®® films. -Sense adfcec ive®, such 
as Cycleweld 0-3, are not well adapted to use as impreg- 
nated tijimfec paper film®, and under such circumsttncee 
dry film® of the adhesive similar to leroacal 1586 e*» us- 
ually be made. 

fosse paper® could not be impregnated because 
they disintegrated upon contact with the adhesive , 




~ %mu\ nm* «.-*U «H MU 



•• .*♦« itmAm min *»*■>«» • •LI* 




M w ^ ^4^ 4 /m fM m ,i*0 ttMfe** M 

«9U» t*Uv JO* 4«i»t '•**• Vft*0 

**• A* »W C# ttlviuu. i%C# 1* *HXlt TTA 







6? 



TAK4 11 



Acme* ive 


’Paracel 1825*' 


Cure TeatperMure 


Polyvinyl sutyrel Phenolic film* 
1S0°C 


(Jure Pressure 


aoo p«i 


Cur* Ti*« 


15 ssinutee 


stecfawaloal Finish 


still ficifch 


Type of llete.1 


si 14 at eel 



Thlokneea ®£ One Layer of 



m« 


three *11* 


Cleaning .Agent 


acetone (except for column* 
3 *n<l 5 } 



TWILL QTfc.’JQTh 



1 

m 


3 3 


One Layer** 

IsIxirOiaL- 


One Layer On® Layer 

JjsSi&ymJL 


3700 pei 

4100 

3550 

Calmm 

Average* 3818 


3980 pel U00 pel 

4110 1310 

4060 1380 

4300 1560 

4118 134S 






••til 




T-fU&t 11 (continued) 



4 

One Layer 

saio p* i 

^960 

3710 

31530 

OolUlBB 

Average* 3753 



5 6 



One layer 
unnlt«.reG) 


two layer# 


3900 pat 


3640 pal 


3880 


4310 


4630 


4060 


4200 


3030 


4155 


4032 



8 

Imi mmk 

3130 pal 
3060 
3300 
3340 



3180 



Coluaaa 
Aver aces 



l&mJUmzi 

3700 pal 

3680 

3850 



3688 



*1 xperiaental ?ll« - pilot plant eta t« rial not yet In 

production. 

**Goat#d vita General til «o trio 1 a organo-sillcon water 
repellent fila number 9977-2. 
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Fresm tee data In tabli s D, 8, tod IX It *uuid 
app*»x that ciestnlin«B ie * mare Important v&ri bXe In 
film bondin, th«-n It it in licuid bonding. This n-ir b« 
be©~UR« the liquid result* in h weohing action on th« 
turf act. 

A plausible explanation for the high r©*ult* 
obtained with *4ri~fiin* in table 11 is a cheneical at- 
tachrs-nt of the adhesive to the or «.notilicon film d*- 
spite the reduction in wettability’ of the m%»X surface 
by the "drl-film’* . file i# apparently the result of af- 
finity of the adhesive for the polar molecules of the 
ell icon film. Also of importance is the f nt that while 
appreoiahly reduces the water wettability, it 

reduce* the adhesive >«d solvent wettability to a much 

) 

iaeeer extent, this empfe&slxec a point that it appar- 
ently not realised in industry. The point In that a 
better criterion of surface conditioning would be tha 
degree of solvent and adhesive wettability rather than 
the water watt -Willy (16). fhia ia driven he*© by the 
fact that th# water break, teat i<ad th# contact angle 
t#*t bolds indicate that the organ# *tlic©R film is a 
poor bonding surface. yet It five* excellent result*. 

From table 11 tee r Auction in strength of 
fenaacel 1535 after four wonths iitore&e was bout 10 per 
cent. This was found despite the lack of sped -• 1 »tar- 
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ag« facilities. Table il else thorns th-t lncrvt'-ing the 
film thiakness r duces the bond strength. Thie 1» illus- 
trated graph ieelly cm page 61 , and confirms the re*n*H» 
of previous investigations (16, 39) . 

lor the 1 flams cleaning » blast Imp with en os- 
ygan, natural gas flame *** used. This offer* a rapid, 
economical method of degreasing and i&maiw ing the ad ear bed 
eurf ace film where the change in physical properties of 
the mti&l , brought about by the heating are not objection- 
able. This is & new method of cleaning for adhesive bond- 
ing end a literature survey failed to reveal sny previous 
investigation along these lines. The method compare* wall 
with ehemlcal cleaning as mm from table 11 and has ».«ny 
industrial implications. 

?re* tables 8 , 9 , 10 , md 1 X the per cent reduc- 
tion In tensile strength after storage a ret 



M etal-to— xetal 
,_MMAlys r 


Length of 


$97 cent reduction 
l^jLtnepgth... . 


8edu* 


3 months 


9.5 


Oycleweld S3-# 


6 month® 


8.8 


1 ermecel 1628 


4 months 


10. 



the star age was in an inside cabinet during 



the sinter months* when the humidity mtn tor md the 
tempar sture seldom more than 18 °c . 
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Correlation of Tensile Strength and Film Thickness 
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Conaiderably acre r« collected during 

the experlmontal * or If, »«** ipeetaene being te»t«d 
In » 11. Only data living: direct bearing on the result • 
ere included in title presentation. 
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It is recognised th-t surface properties have 
:• direot Staring on tbs strength of Adhesion. ho-srer, 
adherence to a chesi cully clean • urf acs apne r* to b# 
«<sr« a function of the relationship between the active 
groune on the molecule* of tb« -dhaelv* and the surface 
being bonded, than a function of niMShanl cal surf*** 
treetaasni. fbla can only be verified by th--. successive 
elesti nation and evaluation of mechanics! variables fey 
*«thod* that pre snt techniques mar® un-ble to an lyse. 

Tke .fact that most woleculorly »r oclat-d substances 
contain hydroxyl or related grout? • leads to th® conclu • - 
ion that this type of bond «#y play an important part in 
the role of cohesive and adhesive phenomena and will dif- 
fer fro® me tel to *etal. Tonsils tee ti rig &ad anal y sic of 
variance vere used to me** urn the significance of the 
variable* etudleti at the 5 per oent probability level. 

The humidity vs* controlled only on the first three 
tests. Ten industrial ^dfeealvee developed during or 
since orld -&r II were studied, «iv of which are re- 
ported in the data. Th# preparation »nd u-r-e of impreg- 
nated fils® was &1. so studied. Of th# impregnated films 
teeted, ordinary uno»l endered tissue paper r»ve the best 
results* 411 test data presented on the ut* of impreg- 
nated papers in edhecive spp'lic >■ fciem* were with tissue 
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paper •• the carrier film* 

The precur# ®uttt be eueh that ,ciyj 0 cric~ Uis 
i* not extensive. High degree® of polyevrlaation, be- 
fore assembly, result In lose of strength »t the sdhee* 
ive~adhe-lve interface when the aaeecsfcXy is «*de. 

Rapid drying rerulte in blisters and cracks, 
the thicker the film the slower the dry east be; the op* 
tintus ie e fix* just sufficiently thick to prevent e 
starved joint. 

Pressure during the curs operation tree* the 
following functions: 

1. 1‘roper flow of adhesive. 

3. Holds the suit in*; surfaces in proper .poult ion. 

3. Reduces the void epece in the adhesive. 

4. Insure* even pressure distribution. 

ftegaeeiag of the adhesive folio* d by flow! nr 
it between the m&ting surfaces by capillary action re* 
eulta in » non-poroue joint. 

this investigation indicate* that Cl) there 
is no p-ignlficant variation between the bonding pro©- 
erties of the normal type* of chemical «ad meehenicil 
surface treatment* a* long ?.*•. the surface is cherioelly 
clean and free fro© dirt and grease, (3) A ^pacific 
adhesive displays «v greeter affinity for oms type of 
natal than for another, duvendirtf, upon its composition. 

( ?.) Whetive films mMI impregnated tap* a c -n be pro* 
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pared w.n-3 e«; loyed Auvantwyeouely in irw«f trial .'pilc»- 
tian*. ( 4 ) n.. me cleaning rsay be used to eetiefeetorily 

clean metal Rurfaoe* prior to bonding in &pnii<$«Uon: 
where ebanree in the propertiee of the metal with heating 
are not objectionable. This is * new Approach to eurfaee 
cleaning and hast industrial poss^ibiiitie®. (5? Bond 
strength diminishes a® film thlcVneee increases. (6) The 
crltrrion of clea.nl in ear ehoulcl bp adhesive tnd advent 
wettability not water wettability. 

The reduction in tensile strength when ucisf 
carrier film adhesives we eemnexed to the »s»ec adhesive 
in the liquid form! 
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The reduction!? in atxength of the films after 
•tor ege ere! 
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in^lyaie of w<*ri«nce offer* islutiona for two 
kind e of problem#! 

1. detection and eati* *tion of constant relation# 
among the mean® of tub-group* of the population 
of object# concerned. in other word#, it ie 
need to detect »nd ©nil *ts the partM&ater* de- 
fining fixed constant relatione among the pop- 
ulation rne^fte. 

H. £«t- ction end estimation of component* of var- 
iation associate* with a composite population! 
that in, it can to© used to estimate the compon- 
ents* of variance. 

Tb# general purposes of anelyeit of variance 

ere* 

1. To perform teats of aignificsRee. 

2 . To peform «*t if&’atec of treatment differences 
that are of concern. 

3. To determine the accuracy of c*ti*&le* toy at- 
tsehing to them confidence limits* 

The assumption* involved in making an en.*lyei« 
of variance arei 

I. The treatment end environmental effects tenet tee 
additive. 

1. T he experimental error© s®u®t all be independent. 

3. The experimental error* must tea normally dis- 
tributed. 
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U«njr investigator# fe«ve pointed out that no 
serious error- are normally introduced by non-normality 
in the significant levels of the F or two- tel led T te*t 
(8, 20). In this investigation the 5 per cent proba- 
bility level is used throuvhout. 

This work demonstrate- the general applicability 

of statistical analysis to probieae in chemical testing. 

The limitation of time for testing was euch that it mk 
necessary to use statistics! analysis on the data. 1 
single application of the analysis of variance is well 
adapted to the particular problem, Graphical analysis 
would have required the running of a much greater number 
of samples. The analysis of variance was selected *s the 
means of presenting the date, because it provides a basis 
for analysing a number of variables simultaneously. The 
problem os enaiyred ie e eerlss of samples taken under 
varying comti tione. The use of variance analysis it con- 
tingent upon the samples bain?; fro» a normal distribution. 

The analysis of variance is set up for K condi- 
tion* with S random specimen® for each of the K conditions. 
The variables rere rasdoaittd by giving each of the samples 
of the experiment m eoual upper tuni ty of having any par- 
ticular value of the randomised variable aseeeiatedl with 
it. The variance las 
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Rearranging anc expanding whore Xk « Xk ■ ooluan mm.n. 

K n "2 K « ,2 

z ?(*i - X) *7 g( (XI - Xk) ♦ (xk - x) ) 

o o o e 



1? KJt 

^j(Xi - Xk)* ♦ (Xk - X) 2 * 2 cross product 



2 crocs product * 2 ^XI Xk - Xi X - Xk ♦ Xk X 

o V 

HU m 

« 2 Xk27 Xi - 2 x]>Xi - 2 Mk * 2 XHXk 
© o 

jl g n* * If 

« 2 Xk 2 XI - 2 X 2 Xi - 2 »Tk 2 £1 ♦ 2 X j> &LM 

O O Of of 

• 0 

Thua 

SZ(xi - X) 2 T(X1 - Xk) 8 ♦ (Xk - I) 2 

o o © © 

X 2 K » „ « 2 

-•g;£(n-ao ♦ 2 20tk-x) 

o o o o 

• y §ixi - Be f ♦ 4 » (Be - x)* . * 

^ o o 

* Since X l’or each colusn its constant through fl for each K condition. 
First sua through K and then through the N’s. 
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Total variance * 



n s k n t 

S2(xi) - 

o o o o 

KK 



■ R * P« 



» A ♦ B 

where A * variance between columns , 
B * variance within columns 
B * total variance - A 



K , 2 K.H . 2 



X >(» - X) »2(£xi) 

tT 1 o _ 2 ~_ . 



* S • P* 

F teat * A/B 



W 



Ik • Xk ■ column mean » ^ Xj 

o » 



K H 

<5Xa) . 

S2 ' 

XN 



It is constant as we sus through N. 



For application of this to the data set page 74. 
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Dividing Xi in Table 2 by 10 and subtracting 2$0 gives t 
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Total 


u O 
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1251 



Source of 
Variation 


Variation or Sua 
of Sauared Deviation 


Degrees of 
Freedoa 


Variance 
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9 


373 


B 


3356 
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F - Tables * 4.26 
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626 
373 * 



1^68 



No significant variation. 
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